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Impact events on thelanetary bodies ithe early solar systenare afundamentaprocess that
affected onphysical and chencal properties of theprimitive chondritic materials. Volatile
elements such as.,8, CQG, and radiogenic Ar are known to be lostilmpacts from chondritic
meteorited1, 2] and volatile-bearingninerals[e. g., 3]. Experimental studies concerning shock
effects on noble-gas abundance have loegremostly onthe radiogenic Afe. g., 2, 4], butittle
is known about shockffects on primordial noble gases. the early stage of the solasystem
formation, predominant noble gasesti planetary bodies werthe primordial ones that had
beenincorporated during formation of these bodies. Major components gfitherdial noble
gases are Q-gas and HL-gas. The former domimaiemrdial Ar, Kr, and Xe, and the latter
comprises most of primordial He and Ne [5]. The two types of primordial noble &yassised in
different carrier ]phaseﬂt-identified carbonaceous mattealled phase Qor Q-gas [e. g., 61] and
tiny diamonds of interstellar origin for HL-gas [e. g., 7]. These two carrier phases are found to be
distributed inanytype of primitive chondriticmeteorites [8]. Therefore, shock effects on phase
Q and HL diamondareessential issues to be addresseayrder toelucidate effects of impacts
on noble gas abundance in the primitive planetary bodies.

A series of shock-recovery experimentsre performed on th&llende CV3 chondrite which
is rich in primordial noble gases, wiieak pressures of 30, 4ahd 70GPaising a singlestage
propellant gun. To avoid adsorption and implantation of atmospheric noble gases, gdiempiz
was preheated to ~180 C for 4 hours in the guamber, ambient awas replaced by Ngas
during cool down theample, andhe samplewas evacuated down to 1 ~ 4 X“@rr through a
vent In a stainlessampleholder. The recoveredampleswere examined using arlectron
microprobe and analyzedr noble gas composition using a noble gasssspectrometer by a
stgepg%d heating technique with eight temperasteps, 350, 450, 600, 800, 1000, 1250, 1550,
1850 C.

Petrological observations: Cross sections of Alende sampleshocked at 30 and 47GPa
exhibit a highdegree of porosity reduction @hatrix and flattening of chondrulesgyhich is
consistent with results of experimental shock-loadingAtlende in aprevious study [9]. Fine-
grained olivine low-Ca pyroxene, Fe-Ni metal amtlfide inthe matrix of the 30GPa product
appear not to bmelted, whereas those in the 47GfPaduct aranelted in somgortions, where
metal andsulfide grains becam@unded. ArAllende sampleshocked to 70GPa shows a drastic

etrological modification: matrix is totally melted, numerausall gas bubbles with diameters
rom 1 to 30 purare generated, and chondrules @adially melted andlisaggregated. Thaelt
of matrix containing high densities of the bubbles intrudes into cracks in a metallic sample holder.

Noble gasanalysis:All noble gasegHe - Xe) were measured in the three shock-loaded
productsand a naturahllende sampldor reference. Measuratbble gasesvere separated into
primordial, radiogenic, and cosmogenic components ugipgrted isotopic ratios of these three
components [eg., 10]. Moreoyerprimordial * Ne and"*’Xe amounts were separated into Q-
and HL-gases, e., € Ne)/? vs. E°Ne)y. and (*°Xe), vs. (**Xe)u., usingXe-Q, Xe-HL isotopic
ratios [6, 11]and a {°Ne/**Xe), elementaratio [11]. Results of the steppetkating analyses
show that noble gases 850 C fractions irall four sampleswere dominated by absorbed or
implanted airexcept for He, thus Ne - Xe in the 350 C fractions are excludedt mounts
of released noble gases.

Concentration oheavy primordial noblgases such a8Ar, %Kr, and**Xe decreases in the
order ofunshocked Allende30, 47, and 70GPaamples: '(°Xe), concentrations are 9.4, 6.9,
5.9, and2.4 x 10 cc STP / grespectively. This indicates that phaséo& up to 75%noble
gases due texperimental shock-loading. Releassterns of ¢°Xe)q of unshocked Allende, 30,
47, and 70Gpaamplesare basically similaralthough gas-amounts of each temperastep are
reduced, suggesting heterogeneous shock effects. Phab&lQsuffered heavieshock effects
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lost all noble gase#cluding gases irhighly retentive siteswhile that suffered lessetegree of
shock effects retained mosbble gases. /light difference inthe release patterns g&en
between unshocked and shocK8@ and 47GPasamples. The latter showssaall peak at an
800 C temperature steffhis fact might indicate that minoparts of phase @hange gas-
retentivity by impacts. Similar features are also observed analyses ofboth experimentally
shockedAllende at23GPa [12]and theLeoville CV3 chondrite [13]which experienceghock
pressure ~ 20GPa in space [14].

Unlike phase Q, HL diamgnds ditbt lose noble gases by shock loading. Amounts of HL-
gases such asle). and (**Xe).,. were relatively constant in the unshocked and shocked
samples: Ne).. concentrations are 2.2, 2.9, 2.5, 2.1 X%6cSTP / g for unshocked, 30, 47,
and 70GPassamples. Releageatterns of PNe), from all the four samplesare alsosimilar.
Thus, HL diamondsppear to keep concentration and gas-retentivityoble gases, even after
70GPa shock. Large amounts of HL-gas were extracted in 800 - 1000 C fractions in the stepwise
heating experiments, whereas Q-gas has a largest extraction peak at ithGatng that HL
diamondsare weaker tahermal effects than phase (However, in contrast, Hidiamonds are
stronger against shoa{fects than phase Q. The reasdny HL-gas wasot lost b?/ a strong
shock compression is uncertain, but HL-galkely to be rigidlytrapped in therystalstructure
of diamonds. As a results of preferential loss of Q-gas from shocked saraptasjed noble
gases tend to have higher ratios of HL / Q, resulting in a change of isotopiespgasallythose
of light and heavy Xe Isotopes.

Radiogeni¢ "Ar seems to be unaffected by 30 and 47GPa shock loadling.large extraction
peaks at 800 and 1250 @hich olserved in theanalysis ofunshockedAllende sample, are
observed imanalyses oboth 30 and 47GPsamples. But, the 70GPaampleshows apparent
decrease of releasélir amounts in low temperature fractions, 450 - 800 C. Coupled with the
results of petrological observations, ffiar loss fromthe 70GPaample isdue todiffusive loss
from matrix material that was totally melted the effects of 70GPa impactBut, the 1250 C
peak wasstill observed in the 70GPa-samgaalysis, which igonsistent with the petrological
observation that most chondrules in the 70G&aple suffer onlypartial melting. Thesame
tendency was observed in the extraction of cosmogeoiole gases: concentrations of
cosmogenic™Ne and*Ar in the unshocked\llende, 30, and 47GPasampleswere relatively
constant, but those in the 70G8ample dewase by approximatey0% in total amounts. The
?INe and®®Ar loss is observedspecially irthe low temperature fractiongdicating diffusive loss
from the matrix material, like the caseé of radiogéff.
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